ABSTRACT: The marine slime mold Labyrinthula zosterae, the causative agent of wasting disease of eelgrass Zostera marina, has been isolated from both 2. marina and 2. caulescens on the south coast of Japan. In addition, wasting-disease symptoms were produced in disease tests on leaves of Z. japonica and 2. marina using axenic cultures of L. zosterae isolated from Z. caulescens and Z. marina. Thus, the known host species of L. zosterae are expanded to include 3 species of Zostera. Although symptomatic necrotic lesions were observed in field-collected seagrass leaves, widespread die-off from wasting disease was not evident on the south coast of Japan.
INTRODUCTION
Eelgrass Zostera marina L. is a pantemperate Northern Hemisphere seagrass. Z. marina populations growing on the east coast of the United States and the west coast of Europe have recently experienced an epidemic disease that has, in the extreme case, led to the total destruction of localized eelgrass populations (Short et al. 1986 , Muehlstein 1989 . The microorganism responsible for the eelgrass disease and dieoff of eelgrass in a number of locations has recently been identified as Labyrinthula zosterae Porter et Muehlstein (Muehlstein et al. 1988 (Muehlstein et al. , 1991 . The symptoms of this eelgrass wasting disease have been found all along the east (Short et al. 1989 ) and west (Muehlstein et al. 1991) coasts of the U.S. and in Europe ), but occurrence of symptoms does not always lead to widespread decline.
The die-off of eelgrass in the 1930s as a result of eelgrass wasting disease (Milne & Milne 195 1, Rasmussen 1977 ) was a broad scale marine pandemic the cause of which was unknown at the time. The recent recurAddressee for correspondence rence of eelgrass wasting disease in specific locations along the east coast of the U.S. (Short et al. 1986 (Short et al. , 1987 has not, as yet, led to a large-scale epidemic comparable to that which occurred in the 1930s. However, since the observed disease-related decline in Great Bay (New Hampshire, USA) in 1984, symptoms of the disease have been found extensively all along the east coast of the United States. Within the last 2 years, 4 other sites on the east coast have had documented eelgrass die-offs that are the direct result of eelgrass wasting disease. These occurred in Casco Bay, Maine (Short unpubl.) , in the Anasquam River in Massachusetts (Dexter 1985) , in Stage Harbor on Cape Cod, Massachusetts (Short unpubl.) and in the Niantic River in Connecticut (Short et al. 1989) . The eelgrass plants succumbed to massive infection resulting in the total or partial die-off of eelgrass within these estuaries. In many other estuarine areas widespread disease symptoms have been documented, but little or no actual eelgrass die-off has been observed. The exact nature of conditions that lead to plant mortality from the disease is still under investigation .
In addition to these east coast locations where die-off or disease symptoms have been found, eelgrass on the west coast of the U.S. from San Diego to Alaska has been shown to have various levels of disease symptoms with the pathogen Labyrinthula zosterae present in samples showing characteristic necrotic lesions.
The International Ecological Congress In Japan in July of 1990 provided the opportunity to collect seagrass from a number of sites on the southeastern shore of Japan and to look for the pathogen and evidence of seagrass decline in the western Pacific.
METHODS
Seagrasses were collected from subtidal locations on the Misaki Peninsula on the southeast coast of Japan south of Tokyo. Field trips and sampling were based out of the Misaki Marine Biological Station of the University of Tokyo. Seagrasses were collected randomly by skin diving in water from 1 to 7 m in depth. Specific locations were Odawa Bay, Koajiro Bay and Moroiso Bay. Overall, 3 species of Zostera were collected. The first species, Z. marina, collected from all 3 locations, is the predominant seagrass in Japan and throughout the northern hemisphere. The second, Z. japonica Ascherson et Graebner, collected from Odawa Bay, is found in sheltered tidal flats on the coast of the Western Pacific from Vietnam to Sakhalin including Japan and was also recently introduced to the west coast of the United States (Phillips & Mefiez 1988). The third species, Z. caulescens Miki, collected from Koajiro and Moroiso Bays, is found in scattered locations on the coasts of Japan and Korea where typically it grows in deeper water than Z. marina (den Hartog 1970) .
All 3 species of Zostera were collected and examined for the characteristic necrotic lesions typical of eelgrass wasting disease (Short et al. 1987 , Burdick et al. 1993 . The plants were collected by hand while skin diving, bagged and brought back to the laboratory for analysis. All suspect black spots on the seagrass leaves were excised from the plant, sectioned into segments 5 cm long and plated on horse serum-seawater agar (SSA) emended with antibiotics (Porter 1990 ) for selective isolation of Labyrinthula species. Isolates were maintained on SSA as previously described (Muehlstein et al. 1988 Infection tests in the laboratory were carried out as 15.3 + 3.0 X 3.7 ?r 0.5 Fm (n = 30) with 3.8 + 4.8 vacuoles described by Muehlstein et al. (1988) . Test Zostera cell-' and 29.9 f 11.5 granules cell-'. These values plants were inoculated by attaching a short segment of are comparable to those reported for L, zosterae sterilized leaf, invaded by Labyrinthula cells from ax- (Muehlstein et al. 1991) . enic culture, to a leaf of the test plant using a split secTo test pathogenicity and host specificity of the tion of polyethylene tubing. Plants were maintained in Japanese isolates, healthy Zostera marina and Z. of the older leaves had larger black necrotic areas. The zosterae showed a more diffuse pattern of the infection black spots occurring on the healthier mature leaves symptoms (Figs. 3 & 4) when compared with the dense were often isolated with only 1 or 2 spots found per black infection symptoms produced by the type culture plant. Black spots or larger necrotic lesions were most of L. zosterae (Figs. 5 & 6) . abundant on Z. marina. Fewer necrotic spots were found on Z. caulescens and only a very few spots were found on Z. japonica. Overall, the occurrence of black DISCUSSION lesions on any of the sampled seagrass species in Japan was low compared to symptoms of the wasting The isolates of Labyrinthula obtained from Zostera disease found along the east coast of the United States. marina and Z. caulescens in Japan were classified as L. Isolation of Labyrinthula from the black lesions on zosterae, the eelgrass wasting disease pathogen. Thus, the seagrass leaves was performed at the Misaki L. zosterae has both a broader range of host species Marine Biological Station. Of the 33 leaf segments and a broader geographical range than originally replated out, 5 labyrinthulids appeared on the isolation ported (Muehlstein et al. 1991) . The significance of disease s y n~p t o n~ variation (Figs. 3 to 6) is not known. Variation such as this is noticed in diseased eelgrass plants in the field, in mesocosm tanks and in laboratory disease tests (Burdick et al. 1993, Porter & Short unpubl.) . These observations suggest that there may be a genetic component of the pathogen in the manifestation of the disease symptoms.
Our observations were too limited on which to judge the extent of the wasting disease in Japan and the threat to the survival of Japanese seagrass. Quantitative assessment of the extent of Labyrinthula zosterae infection remains to be made. However, it appears from our findings that the pathogen occurs fairly frequently within a population of Zostera, but plays a minor role as a disease agent. This low level infection is in contrast to the active disease symptoms that are currently observed on both coasts of the Atlantic.
